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STABILITY AND CONTROL CHARACTZRISTICS OF A SUPERSONIC 

AIRPLXNE CONFIGURATION HAVING A 42.8O SwEpllBACK CIRCULAR- 

ARC WING W I T B  ASPECT RATIO 4.0, TAPER R A T I O  0.50, AND 

By Harold L . Crane and Jams J. Adams 

SUMMARY 

This paper presents tkae results of an investigation a t  transonic 
speeds  by the wing-flow Ilsethod of the longitudinal  stabil i ty  character-  
i s t i c s  of a 42.8O sweptback supersonic  airplane  configuration.  Lift, 
pitching-moment, and  rolling-moment .characterist ics of the semispn 
model as well as s tab i l izer  hinge moments and the  effective downwash a t  
the tail w e r e  measured over a Mach  number range from 0.53 t o  1.10 at  
Reynolds numbers of the order of'600,000. The l i f t ,  pitching-moment, 
and downwash characterist ics measured i n  the present investigation are 
compared with  subsonic  and  supersonic data fo r  the same configuration 
from other  sources. 

The variation of the measured parameters with Mach  nuniber was 
gradual. Peak values of the parameters  usually  occurred near a Mach 
number of 0.9. Over the test  Mach nwiber range the aerodynamic-center 
position moved approximately 20 percent  chord t o  the  rear  with  increasing 
Mach  number; the variation of pitching moment with angle of attack 
tended t o  remain l inear  mer 8 larger range of angles of a t tack a t  a 
Mach  number of 1.0 or  above; a t  any Mach number in  t h e   t e s t  range the 
stabil izer  effectiveness w a s  a t  least as great as at low speeds; the 
effective downwash a t  the tail decreased  approximately 50 percent over 
the test Mach  number range with most of  the decrease  occurring  near a 
Mach number of 0.9; the trim changes at zero l i f t  due t o  Mach  number 
effects  were small. The effect of simulated  half-blunt ( t h i c k  t r a i l i ng  
edge)  ailerons a t  zero deflecsion on the lift .gnd.moment claaracterietics 
was not  appreciable. 
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The Langley  Aeronautical  Laboratory i s  conducting by the wing-flow 
methad a series of investigations of the . longi tudina1  s tabi l i ty  and 
control  characterist ics  at   traneonic Mach  Tlumbers of several  airplane 
configurations. As part of this  program a semispan Model of a super- 
sonic  airplane  configuration has been tested.  The princigal  features 
of this configuration were a wing with 42.8O sweepback a t  the  leading 
edge, 8 10-percent-thick  symmetrical  circular-arc  section, an aspect 
r a t io -o f  4.0, a taper r a t i o  of 0.50 and a 40' sweptback horizontal tai l  
having an NACA 63-008 section. 

Measurements were made of l i f t  and pitching moment with the hori- 
zontal t a i l  on and off, of ro l l i ng  moment of the semiepan model about 
-the m o t  chard l i n e  with tail off, and of hinge moments on tbe all- 
movable horizontal tail.  The ranges of angle of attack and tail 
incidence  covered were -6O t o  12' and -7O t o  3 O ,  respectively. The Mach 
nuuiber range was from 0.55 t o  1.10 a t  Reynolda numbers from 360,OOO 
t o  84o,OOO. In  addition  to  the  preceding tests which gave an indication 
of the longitudinal stability of this configuration, measurements were 
also made of effect ive downwash a t   the   hor izonta l  tail and of  the  effect  
of aimulated half-blunt  ailerons on the longitudipal stability. 

This paper presents the resu l t s  of the outlined  investigation and 
compares the wing-flow data with data fo r  the sa& configuration from 
other   research  faci l i t ies .  

A l l  s t a b i l i t y  parameters  presented  are  based on the wing span and 
area  of  the complete (full-span) configuration. The following symbols 
and coefficients  are  used  in this paper: 

L l i f t ,  pounds 

M' pitching moment (about 23 percent C ) ,  foot-pounds 

L' ro l l ing  mcmrent (about  root chord line), foot-pounds 

H hinge moment (about -9.5 percent Ft), foot-pounds 

CL l i f t  coefficient ( 3  



. 

P 

V 

S 

S t  
- 
C 

b 

pitching-moment coefficient ( 3  
rolling-moment coefficient ($1 
hinge-moment coefficient - 

(&t) 

ra t e  of change of pitching-moment coefficient  about 
23 percent of E with lift coefficient 

rate of change of lift coefficient with angle of attack, 
per degree 

r a t e  of change of pitching-monrent coef f ic ien twi th  angle of 
attack, per degree 

rate of change of rolling-mament coefficient with angle of 
attack, per degree 

r a t e  of change of hinge-mcanent coefficient with angle of 
attack, per degree 

rate of change of pitching-moment coefficient w i t h  tail 
incidence, per degree 

mass density of air, slugs per cubic  foot 

free-stream  velocity,  feet per second 

dynamic pressure, pounds per square foot -pV G '> 
wing area, sQuare fee.t 

t a i l  area, square f e e t  

mean aerodynamic chord, feet 

mean aerodynamic chord of tail, feet 

wing span, f ee t  

3 
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model Mach number 

airplane Mach  number 
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Reynolds mufber 

t a i l  incidence measured from wing chard line (posit ive  trail ing 
edge  down), degrees 

downwash angle,  degrees 

model angle of attack, meaeured f r o m  Xing chord l ine,  degrees 

rate of change  of downwash angle with angle  of  attack 
- .. . . . - . - - - . " . -. . . - . . 

APPARATUS 

Photographs  of the wing-flow model on the  test   panel are shown as 
figure 1. Figure 2 presents  sketches of the model  showing tk  principal 
dimemiom. The model consisted of 8 mahogany fuselage and a high- 
strength duralumin w i n g  and tail assembly. The end plate which acted 
as a reflection plane t o  simulate a full-span  condition was 1/50 inch 
thick. The center-line plane of the model was curved to  f i t  the shape 
of the test -1 so as t o  conform t o  the flow along the  panel. For one 
part of  the test program, sirmrlated half-blunt  ailerons were added t o  
the wing a s  shown in  f igure 2(b) .  

The wing of the model was set a t  an angle of 3O incidence vith 
respect  to the f'welage  center line. The wing chord line was used a s  
the reference f o r  measurement  of angles of attack and tail settings. 
The merit reference axls of the  test  apparatus was located 20 percent 
of the mean aerodynamic chord ahead of the mean aerodynamic chord, and 
the all-movable tail rotated on an axis 9.5 percent of the mean aero- 
dynamic chord ahead of the mean aerodynamic chord. 

The model wae mounted on the right wing of  a fighter airplane. The  
contour of a portion of the wing had been modified t o  reduce the velocity 
gradient across the model and t o  place the wing c.mpression shock behind 
the model. Plots of the chordwise  and vertical  gradient are given fn 
figure 3 .  A chart was prepared from the presswe-dl6tributim data of 
the average Mach  number of the flow Over the model a function 
of airplane Mach  number and l i f t  coefficient.  In  the workup of data 
t h i s  chart was used t o  determine the Mach  number st the model which, i n  
turn, was uaed to determine the dylamic pressure a t  the model. 
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The aerodynamic forces were measured with a  strain-gage  balance and 
the model anglee and tafl deflections were measured Kith  slide-wire 
potentiometers. A recording galvanometer made a continuous  record of 
the  angles,  deflec€fons, and aerodynamic forces. Airspeed, a l t i tude,  
lateral and normal accelerationa, and free-air  temperature were recorded 
with  standard NACA instruments. Tke model attitude  angles were recorded 
with respect t o  a fixed line on the  test  panel and these  recorded  values 
varied  sl ightly from the  angles  with  respect to the relat ive wind. A 
freely  f loating vane, which was located 22 inches  outboard of the model 
and was cal ibrated  for  the difference  in  angle of f l o w  between the model 
location and the vane location, was used t o  determine the angle of flow 
with  respect  to the reference line. The angle of flow plus the   a t t i tude 
angle gave the  angle of attack. 

During f l igh t   the  model was osci l la ted by an electr ic   actuator  w h i c h  
w r i e d  the angle of  attack at a rate of l cycle per second. In  f l igh ts  
i n  which the tail was oscillated, an air-driven motor was ueed t o  
osc i l la te  the tail a t  the rate of 1 cycle per second: These rates of 
osci l la t ion  resul ted  in   a-  m a ~ f r m ~ n  r a t e  of rotation of approximately lo 
per 66 chord l e n g t h  of motion with  respect t o  the a i r  stream, which is 
believed t o  be suff ic ient ly  small to approximate static  conditions. 

TESTS 

The following t e s t  runs were made: 

( 1) Tail off,  model osci l la t ing between 12O and -60 (angle of 
attack and t a i l  incidence  are measured with  respect to the wing chord 
l i ne )  with and without simulated half-blunt Etilerons 

(2 j  T a i l  on and fixed at  Oo, model osci l la t ing between 12O and -6O 
with and without simulated half-blunt  ailerons 

(3 )  Tail on and fixed at  -50 ( t r a i l i n g  edge up) model osci l la t ing 
between 120 axid -60 .. . .  

(4) Model fixed at Oo, tail osci l la t ing between 3 O  and -7" 
( 5 )  Model fixed a t  .5O, tail osci l la t ing between 3 O  and -7O 

(6) Model oecillating, tail f ree  t o  trim '(The effective downwash 
at the tail was thereby  determined.) 

b r i n g  each f l i gh t ,  runs were made at two d i f fe ren t   a l t i tudes   in  
order t o  furnish the largest  possible range of Reynolds nuniber. A 
high-dive run was made from an altitude of.28,000 feet t o  22,000 feet .  
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This procedure  furnished  local Mach numbers over the model of 0.65 t o  1.10 
and Reynolds numbers from 360,000 t o  620,000. A low dive from 18,000 fee t  
t o  8,000 feet   furnished local Mach numbers of 0.55 t o  1.00 and Reynolds 
numbere from 400,000 t o  840,000. A p lo t  of Reynolds number based on the 
mean aerodynamic chord of the wing against Mach riders i s  given i n  
figure 4. 

A v i e w  of a sample record f r o m  the  six-element-  galvanmeter is  
presented in figure 5.  Ground records  taken  with the model osc i l la t ing  
indicate that the   i r regular i t ies   in   the  pitching-mament t race were 
introduced by the  driving mechanism. 

Typical  plots of the wing-flow data showing the tee t -poin ts   a re  
presented i n  figure 6 to i l lus t ra te   the  amount of ecat ter  that OCCUTE i n .  
the data. Figure 6(a) contains  plots of lift coefficient and  pitching- 
moment coefficient against angle of a t tack  for  the camplete model with . 

the tail s e t  a t  Oo'at a Mach number of 1.0. Figure 6(b) is an example 
of the data  used fo r  determination'of  effective downwash, a plot  of tail 
incidence  with  the ta i l - f ree  agafnst  angle of a t tack a t  M = 1.0. 

An estimation of  the accuracy of the varioue measurements i s  pre- 
sen ted   in  the following  table: 

Variable 

Mach number, M 
Dynamic pressure, q, percent 
Angle of attack, a, deg 
T a i l  incidence, - it, deg 
L i f t ,  L, lb 
Pitching moment, M, in-lb 
Rolling moment, L', in-lb 
Hinge moment, H, in-lb 

Approximate possible  error 

In  1 In  coefficient 
absolute 

A t  minimum 9 A t m a x l n n u n  q 
200 lb/sq f t  I 800 lb/sq f t  

50.02 
f2.0 
fQ. 5' 
m.5 
k1.0 
fl.O 
32.0 
kO.1 

""" 

""" 

""" 

""" 

k0.06 
0.03 

0.03 
0.004 

""" 

""" 

""" 

""" 

+o .02 
0.01 
0.001 
0.01 

Approximate possible  errors i n  the  values of' measured p n t i t i e a  and i n  
the coefficients of force and moment are  presented. The approximate 
possible  errors  in  the.   coefficients  tend  to vary inversely  with dynamic 
pressure and are presented for the minimum and maximum dynamic pressures. 
The values of possible  errors  presented do not . t a k e  into  accaunt the 
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. effects  of the  velocity  gradient over the model. It should be noted 
that error8 fn increments of any measured variable determined from the 
faired.curves  presented  herein will be conrsiderably smaller than  errors 
in absolute  values. 

The variation of lift and moment coefficients w i t h  angle of attack 
or t a i l  incidence are presented i n  figure 7 for  the ta i l -of f  case, in 
figure 8 f o r  the tail-on  configuration with it = Oo, and Fn figure 9 
for  the tail oscil lating  cme  with a = Oo. The symbols used on these 
curves a re  f o r  ident i f icat ion only and do not represent test points. 
The data. are presented  for  increments of Mach nuniber of 0.05 or  0.10 
throughout  the t e s t  range f o r  the two Reynolds number ranges. 

 he slopes c&, cma, and cZ, a t  a a  angle of attack of 0' f o r  
the tai l -off  and tail-on configurationa  are  presented as a function of 
Mach  number i n  figures 10 and 11. Figure I2 shows the slope C as a 
function of Mach nrmiber f o r  the tail oscillating  case. 

mit 

The variation of tail incidence for zero hinge moment with angle of 
at tack  for  Mach  nunibera throughout the test range and for the two Reynolde 
number ranges  are presented i n  figure 13. Figure 14 gives  the  variation 

with Mach number of the effective downwaeh factor - a€ a t  the tail w h i c h  

w a s  determined from the data of figure 13. 
aa 

DISCUSSION OF RESULTS 

T a i l - O f f  Characteristics 

Throughout the test Mach nmiber range there did not  appear to be any 
large or abrupt change i n  the l i f t  characterist ics for mall anglers of 
a t tack .  The decrease i n  alope of the lift and half-model rolling-moment 
curves of figure 7 a t  moderate angles of attack which is more pronounced 
with the rolling-moment curves  indicates that early loss i n  l i f t  occurred 
Over the  outboard  portion of thz wing. Thia ef fec t  was reduced or 
postponed to a higher angle of attack for Mach numbers equal t o  or 
greater  than 1.0. Variation of the e of zero l i f t  o r  the l i f t  
coefficient a t  an angle of at tack o f y w i t h  Mach d e r  was negligible. 

The variation of spanvise  center of pressure of the w3ng-fuselage 
combination with Mach  nuniber and angle of attack was determined from the 
data of figure 7 by taking  ratios of half-span rolling-moment-or bending- 
moment coefficients and lift coefficients. %e center of pressure was 
found t o  %.e between 45 and 48 percent of the semispan for small angles 
of attack over the t e s t  Mach number range. The center of pressure w e d  
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inboard  roughly 8 percent of the semispan with increasing  angle of attack. 
Above a Mach  number of 1 .O tke inboard movement of the  center of  pressure 
with increasing  angle of attack was somewhat reduced. No correction has 
been made f o r  any effect  which the end plate might have on the half-span 
ro l l i ng  moments. The end plate  could conceivably produce a counter 
moment equal t o  a f e w  percent of the wing rol l ing moment. 

The l if t-curve slope with ta i l  off obtained from the wing-flow data 
a t  a Mach  number of 0.55 at  an angle of attack of Oo was 0.07 as 
compared with the value 03 appraximately 0.065 which was obtained by 
correcting the low-speed lift-curve  slope measured from figure 12 of 
reference 1 for the effects  of Mach  nuniber. This and other comparisons 
indicate that the lift-curve slopes obtained i n  this investigation by 
the wing-flow  method are probably somewhht high. Figure u) indicates 
that C h  increased  gradually with Mach  number to  a peak value of 
approximately 0.08 at M = 0.8. Above a Mach  nuniber of 0.8, C k  decreased 
gradually t o  approximately 0.06 a t  M = 1.1. These lift-curve slopes 
were obtained from the  higher Reynold8 number data which were extrapolated 
t o  a Mach  nuniber of 1.1 by reference  to  the lower Reynolds number data. 

The plots of  pitching-moment coefficient in figure 7 indicate that 
for a  center-of-gravity  position a t  23 percent mean aerodynamic chord 
the  teat  configuration was stable with the  horizontal tail removed a t  
low anglea of  attack. The low-speed t e a t s  of reference 2 did not show any 
such m u m a l  e t ab i l i t y  condition with the hor izonta l   t a i l   o f f .  For 
larger  anglea of attack for which the outboard portion of We wing lost 
effectiveness, the variation of  pitching moment Kith angle of attack 
became unstable. A t  Mach Inmibere of 1.0 or above the variation of 
pitching moment iith angle of attack remained stable  to  conaiderably 
greater angles of attack. The slope a t  an  angle of attack of Oo, 
which is  presented in figure 10, tende?% become more negative with 
increasing Mach number. It shauld be  noted that a t  the lower Mach 
numbers for  which the variation of Cm wlth a: wae very  nonlinear, 
the slope measured a t  0' has l i t t l e  meaning. 

Tail-On Characteristic8 

Addition of the  horizontal tail increaaed  the  lift-curve  slope 
approximately 10 percent. T h e  effects  of Mach  number and t i p  s ta l l ing  
on the variable6 were approximately the same as those with the ta i l  off .  
There was l i t t l e  variation with Mach  number of the pitching-moment 
coeff ic ient   a t  an  angle of attack of Oo. 

Aerodynamic-center positions of the complete test configuration 
a t  small angles of attack were determined from tbe ra t ios  of the slopes . 

C,, and Cr, of figure I l (a) .  The variation of the aerodynamic-center - 
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position with Mach  nrmiber i s  presented i n  figure I l ( b ) .  The figure shows 
tha t  the aerodynamic-center position gradual- moved rearward from 
about 35 percent t o  approximately 60 percent mean aerodynamic chord as 
the Mach number increased from 0 -55 t o  1.1. --speed tests of the 
same configuration a t  approxlmstely 4 times the Reynolde number indicated 
that the aerodynamic center a t  small angles of attack was at approxi- 
mately 35 percent mean aerodynamic chord.  (See reference 2. ) . 

L i f t  and pitching-mcment data f o r  the test  configuration were 
available a t  a Mach rider of 0.16 from reference 2, a t  a Mach number 
of 1.40 from reference 3 t  and a t  Mach m e r e  of 1.55, 1-90, and 2.32 
frm reference 4. Figure 15 shows the data of references 2, 3, and 4 
along with wing-flow data in  the form of  plots  of CL and Cm m i m t  a 
at various  constant Mach numbers for a center-of-gravity  position of 
25 percent mean aerodynamic  chord. The figure indicates, approximately, 
the  effect  of Mach nmber on the variation of l i f t  coefficient with 
angle of a t t ack  and on the longitudinal s t a b i l i t y  of the test configura- 
tion. T h i s  ef fec t  took the form of a gradual variation of the slopes CL 
and C,, with Mach rmrdber, first increasing and then decreasing through 
the  transonic  range.  Figure 15 also provides a guide for asseasing  the 
r e l i a b i l i t y  of the wing-flow data. 

T a i l  Effectiveness 

The data of figure 9 indicate that the  horizontal tail of the wing- 
flow model was  s d j e c t   t o   s t a l l i n g   a t  a very emall angle of attack a t  the 
test Reynolds numbem. The absolute value of the tail effectiveness as 
indicated  in figure 12 by the slope C a t  it = 0’ increaaed with 

increasing Mach nuILiber up to M = 0.8 and then decreased gradually up 
t o  M = 1.10, the maximum test Mach  number. It ahauld be kept in mind 
that the variation of Cm with it was nonlinear,  especially a t  the 
lower Mach numbers. 

mit 

Downwash 

As shown €n figure 14 the effective downwash factor - at the 
aa 

horizontal tail waE approximately 0.45 st a hhch ‘number of 0.55 and 
increased t o  approximately 0.50 a t ,  M = 0.9. Above a Mach number of 0.9, 
h€ decreased steadily t o  approximately 0.33 a t  M = 1.1. The value of aa 
& obtained a t  M = 0.55 

reference 2. Figure 16 is  
attack  for M = 0.16 f’rm 

aa w e e d  c l o s e l y  with a low-aped  value from 

a plot  of effective downwash against angle of 
reference 2, M = 0.55 and 1.10 from the - 
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wing-flow data, and M = 1.40 from reference 3 .  These data Indicate 
that the  var ia t ion of downwash a t  the tail with  angle of attack i s  
s imi l a r   a t  Mach numbers throughout the  subsonic  and  transonic  range. 

Effect of Half-Blunt Ailerons 

Test8 were made with half-blunt  ai lerons  attached  to the wing, as 
shown i n  figure 2(b), i n  an  attempt  to meaaure the  effecis  on lift, pitch, 
and  drag of the.half-blunt  ai lerons at a deflection of 0 . However, any 
e f f ec t s  that may have been present were emall enough t o  be xi thin  the 
accuracy  of t h e  balance and could  not be definitely  detected. 

T h e  resu l t s  of an investigation by the wing-flow method of the 
. longitudinal  stabil i ty  characterLstics of a 42.8O sweptback supersonic 

airplane  configuration  indicated that: 

1. The t r i m  changes a t  zero lift with increaBing Mach number were 
mall up to   t he  maximum t e a t  Mach  number of 1.10. 

2. The aerodynamic center of the complete airplane  configuration 
gradually  ehifted  approximately X) percent mean aerodynamic chord t o  the 
rear  ae the  teat  Mach  number increased from 0.55 t o  1.10. 

3.  The stabilizer  effectiveness  varied  gradually with Mach  number 
and was approximately a8 great a t  a Mach number of 1.10 as a t  a Mach 
number of 0.55. 

4. The effective  value of the downwash factor - a t  the tail for  a€ 
2u 

small angles of attack w a a  approximately  conetant a t  0.45 below a Mach 

number of 0 . 6 .  Between 0.85 and 0 . 9 ,  - as increased  to a p p r o x k t e u  0.50 

and then  decreased t o  approximately 0.33 a t  a Mach  number of 1.10. 
aa 



5 .  The effect of  simulated half-blunt  ailerons a t  zero  deflection 
on the l F f t  and moment characterist ics was  not  appreciable. 
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w (a) View of model mounted on test panel. Flow angle vane is shown 
In  foreground. 

Figure 1. - .Photographs of model. 
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(b) Close-up of model mounted on t e s t  panel. 

Figure 1. - Concluded. 
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HALF-BLUNT AILERON 

(b) Detail of half-blunt ailerons. 

Figure 2. - Concluded. 
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(a) Chordwise I 

Figure 3.- Nch number graaients at the model. locatlon. 
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Mach number 

Figure k.- Approx-te variation of Reynolds number w i t h  Mach number 
bssed on t he  mean a e m m c  chord of wing. 
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Figure 5.- Typical record from the recording galvanometer taken 
at M = 1.0 with tail s e t  at Oo and model oscillating. 



(a) L i f t  and pitching-moment characteristics; t a i l   a t  Oo; M = 1.0; 
R = $O,ooO. 

Figure  6.- m i c a 1  examples of wing-flow data. 
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-4 4 8 

(b) Do"a6h test data  obtained  with model oscillating, tail floating 
free, M = 1.00; R = 560,000. 

Figure 6.  - Concluded. 
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(a) ~eynolda number from 360,000 to ~X) ,OOO.  

Figure 7. - Variation of the coeff ic ients  of  lift, pitching moment 
about 23 percent E, and rolling moment with angle of a t tack  
at Mach nunibera throughout the t e a t  range for t h e  model with tail 
removed. Note a h i f t  in abscissa zero fo r   d i f f e ren t  Mach numbers. 
(Symbols do not represent test points. ) 
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(b) Reynolds number from 430,000 to- 840,000. 

Figure 7. - Concluded. L 
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(a) Rf="nOld8 m e r  from 

/6 

0 4 8 

360,000 to 620,~x)o. 

Figure 8.- Variation of coefficients of l f f t  and pitching moment 
about 23 percent E- a t  Mach numbers throughout the t e s t   r W e . f o r  
the model w i t h  tail se t  at Oo with respect t o  wing chord l ine.  

-. 

. 
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(b) Reynold8 number from 430,000 to 840,000. 

Figure 8 .  - Concluded. 

. 

. 



4 

(a) Reynold8 nmiber f r o m  420,000 t o  620,000. . 

Figure 9.- Variations of the coefficients of lift, pitching moment 
about 23 percent E, and hinge moment about -9.5 percent E t  with tail 
incidence  at Mach numbers throughout the t e a t  range. 
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Figure 10.- Variation of Ck, Ck, and C z a  at zero q l e  of a t tack 

w i t h  Mach number f o r  tK0 Reynolds number ranges for  model w i t h  center 
of gravity at 23 percent E, tail off. 
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Figure 11.- Variation of longitudinal atability parametere measured 
at small anglea of a t tack w i t h  Mach number f o r  two Reynold8  nuniber 
ranges.  Center of gravity a t  23 percent E and -it = OO w i t h  reepect 
t o  w i n g  chordline. 

C 
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Figure U. - Concluded. 
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Figure 12. - Variation' of C about 23 percent at zero angle of attack 

with Mach number f o r  two Reynolds number rangee. 
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( a )  Reynolds number flmn 360,000 t o  620,000. 

F W e  13.- Variation of free-floating tail angle with angle of attack 
for Mach numbers thmughout the t e s t  range. 
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Figure 14.- Variation of downwash factor 3 at t a l l  positlon with Mach da 
number at low anglee of attack. 
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(a) Variation of lift coefficient w i t h  angle of attack. 

Figure 15.- Cambination of wing-flow data f o r  the t e s t  conf igba t ion  
with t a i l  on with data from  other souce8' for lower end higher Mach 
numbers. 



NACA RM L50BO9 39 . :I 

(b) Variation of pitching-moment coefficient w i t h  angle of attack for 
a stabilizer of incidence of - 3 O  (angles  measured wtth respect 
to wing chord line) wlth the center of gravity  at 25 percent E .  

Figure 15.- Concluded. - 
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Figure 16.- Combination of wing-flow data with data from other source8 
for the t e a t  conftguration showing the v-qiation of downwaeh with angle 
of attack for a wide range of Mach numbers. 

m 



, 


